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Development of Circadian Sleep- Wakefulness Rhythm ,n a 
Healthy Boy Gauged by Circadian Quotients 
ELLEN REEKER and MICHAEL DIFFLEY 
University of Minnesota, Minneapolis and Cambridge State School and Hospital 
Introduction: The circadian quotient, briefly CQ, serves 
to estimate the prominence of a rhythm with a period 
of about 24 hours. The CQ may be computed from so-
called variance spectrum analysis, among other proce-
dures ( 1) . Computational details and some applications 
have been discussed earlier (1 , 2). We wish to illustrate 
herein the use of the CQ for gauging the development 
of a circadian sleep-wakefulness rhythm in the senior 
author's first-born child, FAR, also documented in gen-
eral terms, elsewhere ( 3). 
Case FAR. The parents were both 26 years of age 
when FAR was born on February 28, 1951 , at 0155 . 
Pregnancy and labor were normal in every known re-
spect. A few days after birth FAR was roomed in with 
his mother in the hospital. From that time throughout 
the observation period he was thought to be fed "on 
demand". Some 24-hour periodic factors probably were 
present in his environment. A discussion of the perti-
nent details of study will be the subject of a more extensive 
presentation ( 4). Herein we wish to summarize F AR's 
early development by the CQ computed for several con-
secutive weeks of life on the basis of data scaled from a 
Behavior Day Chart, prepared according to Gesell (5) 
and analyzed by variance spectra ( 1). 
Results: Table 1 summarizes the circadian quotients of 
FAR from the 4th to the 14th week of life. The quotients 
TABLE 1. Circadian Quotient (CQ) Gauging Development of Sleep-




Week Period •• of CQ 
of 1951 CQ 
Life (Mo./Day) Variance (%) .05 limit .95 Iimit 
4th 3/ 21 to 3/28 3.75 9 6 13 
5th 3/28to4/ 4 3.75 9 6 12.6 
6th 4/ 4 to 4/ JI 3.77 13 9 18 
7th 4/ I I to 4/ l 8 3.73 21 14 30 
8th 4/ 18 to 4/25 3.72 27 18 38 
9th 4/25 to 5/2 3.74 45 30 62 
10th 5/2 to5 / 9 3.78 48 32 66 
I Ith 5/ 9 to 5/ 16 3.88 58 38 80 
12th 5/ 16 to 5/23 3.88 50 33 70 
13th 5/23 to 5/ 30 3.88 58 38 80 
14th 5/ 30 to 6/ 6 3.80 58 38 82 
* Obtained from spectral analysis of variance according to 
Halberg, F. and Panofsky, H.: 1.-Thermo-variance spectra; 
method and clinical illustrations. Exp. Med. & Surg. 19:284-309, 
196 l; in such spectral analysis m determines the resolution. m = 96; 
t,t (interval between observations) = .25 hours. 
** Male infant born February 28, 1951, at OJ :55 ; N = 672/ 
observation period, except for 14th week, with N = 624. 
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are based upon data for seven consecutive days except 
for the last quotient, based on a slightly shorter series. 
Data for consecutive 15-minute intervals were ranked 
from zero to four as a function of whether the child 
was awake or asleep. 
The spectrum of these data, thus transformed into a 
set of observations at 15-minute intervals, i.e. , a time 
series, may be viewed as the sum of a large number of 
sinusoidal functions with different periods, with half the 
square of the amplitude of these functions plotted against 
the reciprocal of the period, namely the frequency. The 
sum of all the spectral values equals the total variance 
of the time series, and Table 1 reveals that these values 
were roughly the same during a period of great change 
in the proportion of the variance attributable to a cir-
cadian rhythm, indicated by the circadian quotient. The 
circadian quotient as here computed consists of the sum 
of the estimates of variance corresponding to one cycle 
in about 24 hours and the two adjacent estimates divided 
by the total variance, and theoretically it can vary from 
0 to 100% . 
It can be seen from Table 1 that from the 4th to the 
10th week of life the circadian quotient of this boy in-
creased from less than 10 to almost 50 % . The subse-
quent additional rise in CQ in FAR from the 10th to 
the 14th week of life did not exceed 10% . It is pertinent 
that up to the 10th week of life, periodograms on the 
same data reveal predominantly non-24-hour periods (in 
the domain from 15 to 48 hours analyzed). Beyond the 
10th week of life, 24-hour synchronization of the circa-
dian rhythm in sleep and wakefulness had occurred. 
Discussion: We may view the confidence intervals of 
the CQ's in Table 1 to examine the extent to which age-
changes in this index-in the data of the particular case 
studied-may be regarded as statistically significant. The 
computation of the confidence intervals has been dis-
cussed elsewhere ( 1). The limits in Table 1 suggest that 
the progressive increase in CQ from the 4th to the 10th 
week of life is highly significant in this particular case. 
Conclusion: The data warrant further study of the CQ 
as a possible gauge in circadian system analysis in gen-
eral and in child development in particular ( cf. 3). 
Acknowledgment: Mr. Frank Jones and Mrs . Marjorie 
Lindgren of Cambridge State School and Hospital, Cam-
bridge, Minnesota, provided invaluable assistance in 
scaling the records. 
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Circadian Periodic Changes in Relative Specific 
Activity of Mouse Brain Phospholipids 1 
WALTER NELSON 
University of Minnesota, Minneapolis, Minnesota 
Circadian2 periodic changes characterize the extent of 
incorporation of intraperitoneally-administered P32-ortho-
phosphate into mouse liver phospholipids (2). Such re-
sults can be interpreted as indicating a circadian period-
icity in metabolic rate for liver phospholipids, or the op-
eration of a more general metabolic mechanism ( 3) . 
Preliminary studies suggested a similar periodicity for 
the phospholipids of mouse brain ( 4). The work of 
Ho kin, et al, ( 5), has implicated the metabolism of phos-
pholipids, notably phosphoinositide and phosphatidic 
acid, in the physiological action of acetylcholine in the 
central nervous system. One might reasonably expect the 
known periodicity in activity of the central nervous sys-
tem (6) to be accompanied by variation in components 
of the acety!choline system. Therefore, if results are con-
sistent with Hokin's in vitro studies, a fluctuation in met-
abolic activity of at least some of the phospholipids may 
also be anticipated. In view of the differential distribu-
tion of the acetylcholine system in the central ne~vous 
system (7), any such acetylcholine-linked circadian rhy-
thm in phospholipid metabolism may be more pro-
nounced in some regions of the brain than in others. 
Against this background it seems of interest to report 
herein circadian periodic changes in relative specific 
activity (RSA) 3 of the total phospholipid and of different 
1 This investigation was supported in part by Public Health 
Service Fellowship BF-8546(C2) and Grant No. 2B-5332, from 
the National Institutes of Neurological Diseases and Blindness 
and in part by Public Health Service Grants C-4359 and C-1747 
(C9). Received Aug. 29, 1963. The advice and encouragement given 
by_ Dr. Franz Halberg, Department of Pathology, University of 
Minnesota, are gratefully acknowledged, as is the technical assist-
ance of JoAnn Nelson, Margaret Scheller and Pete Frazer. 
2 The term circadian has been applied to biological rhythms with 
periods either exactly or approximately 24 hours (1) . 
3 RSA is defined as the ratio: specific activity (counts per min-
ute / µg P) of lipid phosphorus divided by the specific activity of 
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phospholipid fractions in the cerebral cortex, cerebellum, 
hypothalamus and brain stem of the mouse. 
Materials and Methods: Inbred male Bagg albino (C) 
mice, 10-15 weeks of age, were used following one week 
of standardization in individual cages kept in sound-
deadened rooms maintained at 24± 1 ° C. The rooms 
were illuminated by artificial light daily from 06: 00 to 
18: 00 hours. Purina Laboratory Chow and tap water 
were available at libitum since weaning, and through-
out standardization and sampling. 
Three separate experiments were done with similar 
design. Each experiment involved 32 mice, 8 mice being 
sacrificed at each of 4 time points: 12:00, 16:00, 20:00 
and 24: 00 hours•. These times represent the mid-points 
of periods of sacrifice, the latter extending over less 
than one hour. These particular mid-points were selected 
on the basis of (a) earlier results on RSA changes in 
liver phospholipids and (b) preliminary experiments on 
RSA changes in brain phospholipid. Exactly 2 hours 
prior to sacrifice, a given mouse was injected intraperi-
toneally with orthophosphate-P8 2 , obtained chromato-
graphically pure from Nuclear Consultants Corporation, 
St. Louis, Missouri. The dosage was 6 microcuries per 
gram of body weight. The specific activity of the P8 2 solu-
tions used for injection varied from one experiment to an-
other but was consistently high enough so that the actual 
amount of orthophosphate injected was negligible ( equiv-
alent to 0.1 µ,g P or less). 
Following injection, the mice were kept in individual 
screen-capped pint bottles, without food and water, un-
til sacrifice. Sacrifice was by decapitation. The brain was 
inorganic phosphate - at 2 hours after the intra peritoneal injec-
tion of P"-labeled orthophosphate. 
• These times correspond to noon, 4: 00 p.m., 8: 00 p.m., and 
midnight, respectively. 
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